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OBJECTIVE 


1 


Determine  the  feasibility  of  mollifying  or  replacing  the  400-Hz  power  supply  of  the 
URT-23  A(  V)  to  operate  from  60-Hz  power  without  the  external  power  supply.  The  feasi¬ 
bility  of  powering  the  transmitter  set  with  the  same  power  supply  and  de  or  400-11/  sources 
is  also  of  concern. 


RESULTS 

1 .  Block  diagrams  of  the  60-  and  400-11/  power  supply  configurations  were 
created  and  used  to  study  the  power  requirements  of  the  transmitter  set.  The  primary  func¬ 
tional  blocks  of  the  transmitter  set  were  examined  for  power  consumption  levels.  Based  on 
the  transmitter  power  distribution  configuration  and  power  consumption  estimates,  paper 
designs  for  two  switching-mode  power  supplies  and  one  inverter  power  supply  were  produced. 

2.  Volume  estimates  of  these  power  supplies  were  made  by  using  actual  parts  that 
satisfied  the  design  parameters.  The  results  of  the  power  supply  volume  estimates  indicate 
that  it  is  possible  to  replace  the  rf  amplifier  400-11/  power  supply  with  a  power  supply  that 
increases  the  rf  amplifier  height  by  2.2  inches,  operates  from  de.  60-  or  400-Hz  power,  and 
opens  up  70  in-'  in  the  rf  amplifier  for  future  growth. 


RECOMMENDATION 

IXmionstrate  the  feasibility  of  the  proposed  power  supply  design  by  building  a  bread¬ 
board  model  that  can  operate  from  DoD-STD-l.WU,  section  300  shipboard  power  and 
satisfy  the  power  requirements  of  the  AN/URT-23  A(V)  transmitter. 


t 


INTRODUCTION 


This  work  was  performed  to  determine  the  feasibility  of  replacing  or  modifying  the 
internal  power  supply  of  the  AN/URT-23A(  V)  high-frequency  transmitting  set  to  permit 
operation  from  60-Hz  power  sources.  Current  operation  of  the  AN/URT-23A(V)  from 
60-Hz  power  sources  requires  a  separate  optional  power  supply  (PP-3916A/UR),  while 
operation  from  400-Hz  power  sources  is  accomplished  via  a  power  supply  internal  to  the 
rf  amplifier  assembly  (AM-3924A(P)/UR).  Utilization  of  60-Hz  power  is  the  preferred 
approach.  Space  is  critical  in  many  of  the  radio  set  installations  so  the  purpose  of  this 
study  is  to  determine  the  feasibility  of  powering  the  radio  set  from  60-Hz  sources  without 
the  use  of  the  external  power  supply.  The  feasibility  of  powering  the  radio  set  via  the  same 
power  supply  from  dc  and  400-Hz  sources  is  also  of  concern. 


DESCRIPTION  OF  URT-23  TRANSMITTER 

The  AN/URT-23A(V)  is  a  1-kW  radio  transmitter  capable  of  transmitting  on  the 
frequency  band  of  2.0  to  29.9°99  MHz.  The  transmitter  may  transmit  in  continuous 
wave  (CW).  amplitude  modulation  (AM),  radio  teletype  (RATT),  upper  side  band  (USB), 
lower  side  band  (LSB),  independent  side  band  (ISB),  and  ISB/RATT. 

The  transmitter  set  (fig  1 )  may  be  powered  by  any  one  of  three  sources:  115V/ 
3</>/400  Hz;  208  V /30/6O  Hz;  and  440  V/30/60  Hz.  400-Hz  power  is  converted  in  th? 
400-Hz  power  supply,  PP-3917A/UR,  that  is  contained  in  the  Radio  Frequency  Amph.ier, 
AM-3924A(P)/(JRT.  60-Hz  power  is  converted  in  the  60-Hz  power  supply,  PP-391 6A(UR, 
a  separate  unit  in  the  transmitter  set. 
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Figure  I.  AN/URT-23A(V)  transmitter , 


400-Hz  POWER 


Figure  2  is  a  block  diagram  that  describes  how  400-11/  power  is  utilized.  When  the 
primary  power  switch,  S4.  is  closed,  single-phase  1 15-V  power  is  applied  to  the  exciter.  The 
exciter  produces  a  28-V  dc  voltage  when  it  is  set  to  standby  or  operate  that  causes  standby 
relay  K2  to  close. 

When  relay  K2  closes,  power  is  delivered  to  the  400-11/  blower  motor,  tmal  amplifier 
filaments,  driver  amplifier  filaments.  APC-PPC*  power  control  board,  and  dc  power  control 
board. 

The  dc  power  control  board  produces  28,  20,  1 2.  and  1 1  V  dc.  The  1 2-V  dc  voltage 
is  supplied  to  remote  units,  and  the  28-,  20-,  and  1 2-V  dc  voltages  are  used  by  the  power 
amplifier  control  circuits.  The  28-V  dc  voltage  causes  band  switch  motor  drive  relay  K3 
and  time  delay  relay  K4  to  close. 

When  relay  K3  closes,  the  60-11/  inverter  receives  28-V  dc  power,  which  allows  the 
band  switch  motor  to  operate.  Relay  K4  is  the  time  delay  relay  that  closes  3  minutes  atter 
20  V  dc  is  applied  to  it.  When  K4  closes,  28  V  dc  is  applied  to  operate  relay  Kl.  Relay  Kl 
is  closed  by  the  28-V  dc  voltage,  but  only  if  a  20-V  dc  voltage  from  the  exciter  is  also 
applied  to  it.  This  20-V  dc  voltage  is  supplied  by  the  exciter  only  when  it  is  in  the  operate 
mode  (ie.  AM.  CW.  USB.  ISB.  LSB.  RA IT.  or  1SB/RATT).  When  Kl  closes,  1  15-V,  three- 
phase  400-11/  power  is  applied  *o  the  driver  and  final  amplifier  plate  circuits. 


APC-PPC:  Average  power  control  peak  power  control 


<60  Nz  ONLY) 


1'igure  '  40011/  power  distribution  block  diagram. 
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60-11/  POWliR 


Ihe  configuration  tor  operating  with  60  11/  is  show  n  in  figure  3  Operating  vu 
oO  11/  is  the  same  as  operating  with  400  H/  with  the  following  exceptions: 

1  l'he  400-11/  blower  motor  operates  from  a  400-11/  inverter 

2  l'he  band  switch  motor  receives  60-11/  power  direct!)  Irom  switch  S-4 
3.  l'he  440  and  208-V  ac  voltages  are  changed  to  usable  voltages  through 

different  transformer  connections. 


i 


Figure  .V  oOll/  power  distribution  block  diagram 


Table  I  represents  approximations  for  the  amount  of  power  that  is  required  by 
each  of  the  functions  powered  by  the  48-420-Hz  transformer.  Table  2  represents  similar 
figures,  but  for  the  main  power  branches  of  the  transmitter  set.  The  estimate  for  total 


maximum  power  consumed  by  the  transmitter  set  is  4569  watts  the  specified  power 
consumption  is  4500  watts.  Details  of  the  calculation  for  these  estimated  figures  are  con¬ 
tained  in  appendix  A. 

Table  1 .  48-420-H/  transformer  power  users. 


LINE 

POWER  (WATTS) 

USER 

16  Vat- 

3.2 

auxiliary  equipment 

32  Vac 

64 

<lc  control  board 

13.5  V  ac 

135 

driver  ampl  filaments 

6  V  ac 

65 

final  ampl  filaments 

1 1 5  V  at 

69 

Total  336.2 

APC-PPC  P.C.  board 

Table  2.  Main  branch  power  users. 


LINE 

POWER  (W  ATTS) 

USER 

2250  V  dc 

3375 

final  ampl  plate  voltage 

500  Vdc 

500 

driver  ampl  plate  voltage 

115  Vac- 

230 

exciter  &  antenna  coupler 

24  Vac 

63 

400-Hz  blower  motor 

65 

400-Hz  inverter 

115  Vac 

336 

48-420-Hz  transformer  (table  1 ) 

Total  4569 

60-  AND  400-Hz  POWER  SUPPLY  VOLUMES 


A  primary  consideration  when  examining  an  alternative  power  supply  is  the  volume 
occupied  by  the  present  power  supply.  The  rf  amplifier  contains  the  400-Hz  power  supply. 
Also  within  the  rf  amplifier  is  the  48-420-Hz  power  transformer  that  services  the  filaments 
and  control  boards. 

The  60-Hz  power  supply  occupies  its  own  unit,  but  it  also  delivers  power  to  the 
48-420-Hz  transformer.  For  both  power  supplies,  the  transformers  are  designed  to  the 
frequency  of  the  line  power  they  operate  on.  The  only  exception  is  the  48-420-Hz  power 
transformer.  Table  3  lists  the  power  supplies,  some  of  their  components,  and  the  volumes 
that  they  occupy. 


js-y-aL 
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Table  3.  Power  supply  volumes. 


ITEM 

VOLUME 

48-420-Hz  power  transformer 

70.56  in3  (4  X  3.6  X  4.9) 

400-Hz  power  supply 

71 1.48  in3  (10.5  X  15.4X4.4) 

power  transformer  T1 

18.19  in3  (2.12  X  3.12  X  2.75) 

power  transformer  T2 

156.4  in3  (5.93  X  6.31  X  4.18) 

60-Hz  inverter 

82.59  in3  (6.81  X  4.125  X  2.94) 

60-Hz  power  supply 

2344  in3  (7.1  X  17.38  X  19) 

power  transformer 

684  in3  (6  X  12  X  9.5)* 

400-Hz  inverter 

22.5  in3  (2.5  X  1.5  X  6)* 

♦  AnnrnYimatf* 

♦Approximate 


PROPOSED  60-Hz  POWER  SUPPLY  DESIGN 

A  60-Hz  power  supply  design  that  operates  from  200  V/30/60  Hz  is  described  in 
appendices  B,  C,  and  D.  The  design  consists  of  three  basic  sections  that  are  illustrated  in 
figure  4. 

1 .  2250-V  dc  power  supply 

2.  500-V  dc  power  supply 

3.  400-Hz  inverter  power  supply 

The  power  supply  was  designed  for  the  200  V/30/60  Hz  power  option  of  the 
AN/URT-23A(V)  transmitter.  A  power  supply  designed  to  meet  the  new  1 15  V  or  440  V/ 

30/60  Hz  shipboard  power  specified  by  DoD-STD-1399,  section  300  will  have  the  same 
volume  within  a  first  order  approximation  since  the  same  amount  of  power  is  being  delivered  by 
the  power  supply.  The  ditterent  voltages  would  be  handled  by  converter  transformer  turn  ratios. 

The  power  supply  designs  include  volume  estimates  based  on  actual  components 
selected  to  satisfy  the  parameters  of  the  design.  The  volume  estimates  are  summarized  in 
table  4. 

The  2250-V  dc  power  supply  section  powers  the  final  amplifier  plates.  This  line  is 
the  single  largest  user  of  power  in  the  transmitter  set  and  draws  an  estimated  maximum  of 
3375  watts.  The  power  supply  design  is  a  switching-mode  regulator,  buck-boost  configura¬ 
tion,  operating  at  20  kHz.  The  design  estimate  for  this  power  supply  assumed  lossless  cir¬ 
cuit  elements  since  switching  regulators  normally  have  high  efficiency.  In  any  case,  circuit 
elements  are  derated  sufficiently  to  account  for  some  inefficiency. 

The  500-V  dc  power  supply  section  supplies  power  for  the  driver  amplifier  plates 
and  for  screen  voltage  regulation.  This  line  is  the  second  largest  user  of  power  in  the  trans¬ 
mitter  set  and  draws  an  estimated  maximum  of  500  watts.  This  power  supply  is  also  a 
switching-mode  regulator  operating  in  a  buck-boost  configuration  at  20  kHz.  Again  lossless 
circuit  elements  were  assumed  but  actual  parts  derated. 

The  400-Hz  inverter  supplies  1 1 5  V/10  power  to  the  blower  motor,  band  switch 
motor,  antenna  coupler,  exciter,  and  other  users.  Of  these  users,  only  the  band  switch 
motor  needs  to  be  modified  for  400-Hz.  operation.  Power  supplied  by  the  inverter  to  these 
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figure  4.  Purposed  power  supply. 


Table  4.  Volume  estimates  of  bO-ll/  power  supply. 


si  chon 

VOI  UM1  ,  im' 

2250  V  dc  (5575  W) 

25(i  (4  X  4  X  Id) 

5(H)  V  lie  (500  W) 

1  dO  (5  X  4  X  Id) 

400-1 1/  inverter  ((«’(>  W ) 

2SS  (d  X  d  X  8) 

filtering  (estimate) 

100 

Cooling  (estimate) 

100 

Total  ‘>04 

users  is  estimated  to  be  <>7<>  watts.  A  40' 7  efficiency  rate  was  imposed  on  this  inverter, 
which  is  rather  harsh  for  such  a  device  but  takes  into  account  a  worst-case  situation.  Ibis 
constraint  resulted  in  a  larger  inverter  volume  than  would  have  been  obtained  with  a  more 
common  <>0' <  or  70' 7  efficiency  specification. 

I  he  present  400-11/  power  supply  occupies  455  in  '.  Hie  alternative  design  occupies 
‘>04  in'.  Power  supply  configuration  options  are  illustrated  in  figure  5  that  will  accommo¬ 
date  the  proposed  power  supply  in  an  enlarged  i  f  amplifier  (option  A),  or  separate  chassis 
(option  Hi.  Both  options  leave  volume  open  in  the  rf  amplifier  for  future  growth. 
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CONCLUSIONS  AND  RECOMMENDATIONS 

llu-  present  400-11/  power  supply  can  he  replaced  with  a  power  supply  that 
increases^  lie  rl  amplifier  heigh,  by  2.2  inches,  operates  from  dc.  60.  or  400  Hz.  and  opens 
up  0  in-  m  the  rt  amplifier  lor  future  growth. 

i  m  h  ?  av^m"K‘,ull'd  that  ,ho  feasibility  of  the  power  supply  design  be  verified  by 
biu  ding  a  breadboard  model  that  can  operate  from  shipboard  power  as  specified  in  DoD- 

•  stVhon  -?00,  and  meet  the  requirements  of  the  AN/UR  T-23  At  V)  transmitter. 


I .? 


APPENDIX  A:  URT-23A(V)  POWER  CONSUMPTION  ESTIMATES* 


Reference:  AN/URT-23A(V)  Operation  and  Maintenance  Instructions,  NAVELEX 
0967-456-9010 


2250-V  DC  LINE 

Delivers  power  to  final  amplifier  (FA)  plate 
Peak  RE  output  is  1  kW  in  the  CW  mode. 

In  CW  mode  the  plate  current  is  no  greater  than  750  mA  for  each  FA  tube. 
There  are  two  FA  tubes  in  parallel. 

POWER  DELIVERED  ON  2250  V  DC  LINE  =  2  (0.75  X  2250) 

=  3375  WATTS 


500-V  DC  LINE 

No  specific  information  on  maximum  current  consumption  was  found,  but  the  500V  dc 
line  is  fused  to  1 .5  A;  assuming  that  the  maximum  operating  current  is  two-thirds  1 .5  A, 
the  maximum  operating  current  will  be  1  A. 

POWER  DELIVERED  ON  500  V  DC  LINE  =  1  X  500 

=  500  WATTS 

1 15-V  AC  LINE  SERVING  THE  ANTENNA  COUPLER  AND  EXCITER 

The  antenna  coupler  and  exciter  are  powered  by  a  1 15  V  ac  line  fused  at  3  A. 

Assuming  that  the  maximum  current  delivered  is  two-thirds  the  fused  value,  the  current 
delivered  to  the  coupler  and  exciter  is  2  A  as  a  worst  case.** 

POWER  DELIVERED  TO  24  V  AC  LINE  =  5.33  X  24 

=  1 28  WATTS  (ROUNDED) 

To  confirm  the  validity  of  the  above  estimates,  the  following  check  is  made.  A 
typical  inverter  may  operate  at  65%  efficiency.  Assuming  that  this  is  close  to  the  efficiency 
of  the  inverter  under  consideration,  the  maximum  power  being  delivered  to  the  blower  by 
the  inverter  is  83.15  watts.***  This  is  reasonably  close  to  the  known  63  W  being  consumed 
by  the  blower  to  justify  the  assumptions  made. 


’Where  there  was  uncertainty,  maximum  figures  were  used. 

**ln  the  400-Hz  distribution  of  power,  the  blower  motor  is  also  delivered  power  on  this  line,  so  this  is  a 
worst  case  estimate. 

***0.65  X  127.92  =  83.15. 


The  following  lines  deliver  power  from  the  48-420-Hz  transformer: 


16-V  AC  LINE 

This  voltage  is  rectified  and  regulated  to  1 2  V  do  for  use  by  auxiliary  equipment. 
Current  is  less  than  0.2  A. 

POWER  DELIVERED  =  0.2  X  16  =  3.2  WATTS 


32-V  AC  LINE 

This  line  delivers  power  to  the  dc  control  board.  It  is  fused  to  3  A,  so  employing 
the  assumption  that  maximum  working  currents  are  two-thirds  the  fused  current.  2  A  is 
the  estimated  maximum  working  current. 

POWER  =  32  X  2  =  64  WATTS 


12.S-V  AC  LINE 

This  line  supplies  power  to  the  driver  amplifier  filaments.  Two  filaments  in  parallel 
that  are  specified  to  be  0.2  ohm  each  are  served  by  this  line. 

POWER  13.5  X  0.1  =  135  WATTS 

6-V  AC  LINE 

There  are  two  of  these  lines  that  each  serve  the  filament  to  the  final  amplifier  tube. 
The  filaments  are  specified  as  5.4  ohms. 

POWER  =  2  (6  X  5.4)  =  64.8  WATTS 

115-V  AC  LINE 

The  APC-PPC*  board  is  powered  by  this  line.  The  estimated  maximum  working 
current  is  0.6A  based  on  the  characteristics  of  the  transistors  (type  2N2219A)  that  are 
served  by  this  line. 

POWER  =  1 1 5  X  0.6  =  69  WATTS 


*APC-PPC.  Average  power  control  -  peak  power  control 
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APPENDIX  H  DESIGN  OF  a  2250  V  DC.  3375-W  POWER  SUPPLY 


Reference  (  j  »  Switching  Regulators  hy  LL  Ogbom.  Associate  Professor  of  Engineering. 
Purdue  t  diversity 

tb»  Magnetics.  Inc  Catalog  MMC-100 
<c  l  Magnetics  Inc  Catalog  MPP-303A 

I'  Span,  raft  Iranslomter  and  Inductor  Design.  J  PL  Publication  77-35,  by 
t  oloncl  W  |  McLy  man 

ut  N<  *st  IK  l  J  I  out/.  I  kantm.  I  June  1 078 

* ' 1  ‘  'oil.-a  me  .  aU  illations  represent  the  basic  design  calculations  for  a  power  conver¬ 
ts  that  will  supplv  'ii  \  .1,  l>  \  to  the  final  amplifier  plates  of  the  AN/URT-23A(V). 

I  he  e  on  verier  is  not,  hmg  mode  regulator  operating  at  200  kll/  in  a  buck-boost  configu¬ 
ration  (fig  HI  1  I  In  purpose  Ot  tins  design  is  to  obtain  an  estimate  of  the  volume  that  such 
a  converter  would  occups 


Figure  HI  Buck-boost  switching-mode  regulator. 

The  input  power  to  the  converter  is  200  V/30/60  Hz.  The  required  output  is 
2250  V/1.5  A.  The  calculations  that  follow  assume  that  Cs  is  sufficiently  large  to  keep 
V  s  constant  and  that  the  diode,  inductors,  and  transistor  arc  ideal  elements.  Specifications 
tor  the  converter  are  contained  in  table  B1 . 

Table  Bl.  Specifications  tor  buck-boost  converter  design. 

INPUT:  200  V/30/60  11/  (270  V  dc  when  rectified) 

OUTPUT:  2500  V  dc/ 1 .5  A 
SWITCHING  FREQUENCY  (0:  20  kll/ 

DUTY  CYCLE:  50% 


A  boost  regulator  has  the  input  voltage  added  to  the  inductor  voltage  when  charging  the  output  capacitor, 
but  the  buck-boost  regulator  has  only  the  inductor  voltage  charging  the  output  capacitor. 
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There  are  three  methods  of  obtaining  the  required  output  voltage: 

1 .  Adjusting  the  duty  cycle  (D)  of  the  switching  transistor: 

Vin  _  I  -  I) 

Vout  "  D 

2.  Adjusting  the  turns  ratio  of  transformer. 


3.  A  combination  of  1  and  2. 

If  only  the  duty  cycle  were  used  to  obtain  the  required  voltage,  and  a  1 : 1  turns  ratio 
transformer  were  used  in  the  circuit  of  figure  B I ,  the  transistor  would  experience  a  voltage 
of  at  least  2250  V  dc  across  its  collector  and  emitter  when  it  switched  off.  Transistors  do 
not  commonly  have  a  Vpg  breakdown  voltage  greater  than  400  V.  so  adjusting  the  duty 
cycle  would  not  be  a  practical  method  of  obtaining  the  voltage  in  this  case. 

Selecting  the  turns  ratio  as  a  method  of  achieving  the  required  output  voltage,  a  50'7 
duty  cycle  for  Q  is  employed  since  it  will  give  an  output  voltage  directly  proportional  to 
the  input  voltage  and  turns  ratio. 


TURNS  RATIO 

Np  =  ^L 

NS  V2 

Vj  =  input  voltage  (270  V  dc) 

V -i  =  output  voltage  (2250  V  dc) 

N[>  =  number  of  turns  as  primary  side 
=  number  of  turns  as  secondary  side 

_  _270 
Np  2250 

NS 

This  turns  ratio  will  cause  270  V  on  the  primary  when  2250  V  is  on  the  secondary. 
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WAVEFORMS 


Current  and  voltage  waveforms  for  the  regulator  of  figure  B1  are  shown  in 
figures  B2  and  B3. 


Figure  B2.  Buck-boost  regulator  current  waveforms  for  D  =  0.5. 
(Not  to  Scale) 


•Assumed  to  be  smooth  dc  for  the  purposes  of  these  figures 


Figure  B3.  Buck-boost  regulator  voltage  waveforms  for  D  =  0.5. 
(Not  to  Scale) 


AV  is  specified  here  to  be  I7r  P/P  of  V V-,  is  2250  V  dc,  so  AV  is  22.5  V  P/P. 
mis  value  of  AV  is  13  V.  AV(  j  is  specified  aslO'r  ofVj.  V(1  ripple  voltage  is  15.6  V 


Specify  A1  on  C->  to  be  10'>  of  lj^j  :  A1  will  be  0.15  A  P/P. 
Q=IT 

For  Q  j :  1=1.5  A 
T  =  25/us 

..  Q.  =  3.75  X  10“-'  coulombs 


■n  RMS  '  LS  RMS’ 


!1)  RMS  ” 


’((I,,k  +  Ir):+Upk  +  Ir)AI  +  Al) 


1 PK  +  !R  ~  3  075 
M  =  0.15  A 


1  1  -  50  #is 


r,  =  25  US 
1|)  rim  =  2.228  A 


!t  RMS 

1 1  mis  =  8.33  \  1|)  rms 
1 1  mis  =  18.5b  A 

■Cl  RMS 

The  rms  value  of  the  waveform  is  the  square  root  of  the  sum  of  the  squares  of  the 
rms  values  of  the  trape/oklal  (1 , )  and  square  wave  (1 0  funet;ons. 


*1  RMS  =  1  00  A 

/  1  \i-  \  1  ~  1  i 

rms  =  (‘pk  +  lPkAl  +  v )  — 

»Pk  =  1  575  A 
Al  =0.15  A 
RMS  =  1  rt1  A 

'  i  i  "I  > : 

*G2  RMS  =  'I  RMS +1:  RMS 
*C2  RMS  =  1  58  A 


SECONDARY  WINDING  WIRE  SIZE 

Wire  si/e  is  determinal  In  the  rms  current  that  the  wire  can  handle,  and  the  circular 
mils  per  ampere  specified  l  or  the  secondary  winding,  the  rms  current  will  lx*  the  same  as 
*1)  RMS-  -  --8  A  AWG  I  "  wire  is  selected  for  the  secondary  windings  because  it  is  rated 
at  2  '4  A  based  on  750  circ  mils  per  ampere.  AWG  1 7  wire  has  an  area  of  2420  circ  mils. 


PRIMARY  WINDING  WIRE  SIZL 


•  lie  rms  current  in  the  primary  winding  will  be  18.5  A.  The  wire  si/e  selected  for 
the  primary  side  is  AWG  8.  AWG.  8  wire  is  rated  at  22.0  A  based  on  750  circ  mils  per 
ampere.  AWG  8  w  ire  has  an  area  of  18  000  circ  mils. 


C 


1 


(  =  I 


AT 

AV 


I  =  lj>|^  (from  figure  R4) 
=  12.5  A 


A V  is  specified  to  be  1 0  <  of  V  j , 


thus 


AY  =  27  V 
AT  =  25  ps 

('  I  =  1 1 .6  uF 

(\ 

From  reference  (a), 

DV-, 

(  •>  =  r 

-  AY-,Kj  t 

V,  =  2250  V  ilc 
1)  =0.5 

A\'  -i  =  22.5  V  P  1*  ( 1  r'c  ripple  specified ) 

f  =20kM/ 

R,  =  1 50012 

C-»  =  1 .67  n\: 

LS 

From  reference  (a) 

l)V2 
*s  2Alf 

l)  =0.5 

V-,  =  2250 

A1  =0.15  A  P/P  (specified) 
l  s=  187.5  mil 

CORE  SELECTION 

Core  selection  is  based  on  the  core  selection  charts  of  reference  (b).  The  initial 
selection  is  based  on  the  power  handling  capability  of  the  core.  The  next  consideration  is 
for  a  core  that  has  a  window  (W)  large  enough  to  handle  the  required  windings,  i  he  core's 
ability  to  handle  the  windings  is  calculated  by  determining  the  winding  factor  (WF). 
Suitable  winding  factors  vary  between  50  and  o0  i.  »  .  h  40'.'  being  a  typical  value  for 
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machine  wound  cores.  These  calculations  will  use  a  winding  factor  of  50%  as  the  criterion 
for  a  satisfactory  core  window. 

The  core  that  was  finally  selected  for  this  design  is  the  Magnetics,  Inc,  model  MC-1620. 
Its  dimensions  are  illustrated  in  figure  B6. 


3/4" 


figure  ho.  Magnetics,  Inc,  core  model  MC-1620. 

The  core  mean  magnetic  path  ( 1 ),  core  cross  section  (A),  and  core  window  ( W)  are 
listed  in  table  2. 

Table  B2.  MC-1 620  core  dimensions. 

«  =  25.4  cm 
A  =  3.63  enr 
W=  38WI75  circ  mil* 


WIRE  TURNS  NEEDED 

LS« 


N§  = 


0.4ttmA  X  10~8 
Ls  =187.5  mil 

8  =25.4  cm 

//  =  500  (permalloy  80) 

'y 

A  =  3.63  cni“ 

Ns  =  456.9  turns 

NS 

— -  =  8.33 

Np 


Nj>  =  54.8  turns 


•circ  mil  =  in2  X  1273200 


WINDING  FACTOR 


The  winding  factor  may  now  bo  calculated  for  the  new  core. 
_  AWP  NP 

"tii  — 

1  W 


AWP  I 8000  circ  mils  ( AWG  X  wire) 


Np  =  55  l  n rns 


W  =  38^9175  oiro  mils 
WF,,  =  0.253 


Wl 


S 


Aws  Ns 
w 


A\VS  =  2420  circ  mils  (AWCi  I  7  wire) 
Nv;  =457  turns 

W  =  3899 1  75  circ  mils 


Wl  s  =  0.283 
Wl  ,,  +  WFS  =  0.53b 

An  optimum  transformer  design  will  have  the  entire  window  area  filled  by  the 
windings  I  bis  is  indicated  by  a  factor  (Wl  )  of  approximately  0.5  Air  space  among  the 
windings  and  wire  insulation  are  assumed  to  take  up  half  the  winding  area  Thus,  the  Wl 
of  0.53  calculated  here  indicates  that  the  core  selected  for  tins  power  supply  design  will 
fulfill  the  requirements  of  this  design. 


(  IRC  HIT  ELEMENT  VOLUME  ESTIMATES 

l'he  following  volume  estimates  use  representative,  although  not  necessarily  opti¬ 
mum.  circuit  elements  since  the  purpose  of  this  design  is  to  estimate  the  volume  of  a 
practical  converter.  These  external  dimensions  are  on  the  conservative  side  and  may  there¬ 
fore  be  considered  a  worst  case. 


HRI1X.F  RECTIFIER 

The  bridge  rectifier  consists  of  six  diodes.  Such  a  rectifier  may  be  made  from  a 
bridge  rectifier  package  or,  in  order  to  obtain  a  worst-case  volume  estimate,  a  sot  of  six  diodes 
The  diode  chosen  for  the  bridge  network  must  be  able  to  handle  a  reverse  voltage 
of  200  V  for  safety  and  at  least  22-A  average  current  A  diode  that  satisfies  these 
requirements  is  the  IN2l5b.  The  !N2l5bdiode  is  rated  at  200  V  and  25  A  The  maximum 


rectangular  dimensions  of  the  single  diode  package  aiv  0.7  \  0.7  X  1 .5.  I  he  estimated 
dimensions  ol  a  set  of  six  ol  these  diodes  is  I  X  2  X  5  inches 


C 
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('•  is  required  to  have  a  capacitance  of  I  I  5  /al  and  a  working  voltage  of  270  V  dc 
I'lie  capacitor  selected  forCi  is  the  Cornell  Dubilier  capacitoi  described  in  table  B5  Hie 
configuration  of  the  capacitor  is  drawn  in  figure  B7  and  lias  a  capacitance  of  11.7  fjl 

fable  B5  Cornell  Ihibilier  tantalum  foil  capacitor  "S' 1  Nl 

Capacitance 

Case  si/e  t  5  (0  4U(<"  I).  2.87"  I  I 
IV  woiking  voltage  250  \  dc  (at  125'Ci 


I'iguic  H7.  t'|  configuration 

Hie  rectangular  volume  that  these  capacitors  would  occupy  is  estimated  to  be 
2X4X4  inches 


TRANSFORMER 

The  transformer  (1  p  and  1  s'  will  have  maximum  dimensions  when  it  has  been 
wound  I  lie  estimated  maximum  dimensions  arc  illustrated  in  figure  BS 


figure  US  fstunaiod  maximum  dimensions  of 
Iransfornici  with  model  I  o20  core 

For  the  purposes  of  this  estimate,  the  transformer  will  be  assumed  to  have  a  redan 
gular  volume  of  5X4X4  inches. 
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SWITCHING  TRANSISTOR  <0> 


The  switching  transistor  must  he  capable  of  handling  V^j.  ol  at  least  270  \  and  1(- 
of  at  least  18.5  A  rms.  Such  a  transistor  is  the  Motorola  MJ 1001  5,  which  has  a  V(-|  ol 
400  V  and  ly  of  40  A.  This  transistor  is  contained  in  a  10-3  package  that  will  occupy  a 
rectangular  volume  of  approximately  2X1X1  inches 


DIODE  (D,) 

The  diode  of  the  regulator  must  he  capable  of  handling  a  reverse  voltage  of  3000  Vdc 
and  a  current  of  3  A  rms.  Such  a  diode  is  a  combination  of  four  Wcstinghouse  I  N3O00 
diodes  in  series.  The  1 N3000  diode  is  rated  at  d  A/1000  V  and  comes  in  a  DO-4  package. 
The  rectangular  volume  that  a  set  of  four  diodes  would  occupy  is  4  X  I  X  3  inches. 


CAPACITOR  C: 

('■>  is  required  to  have  a  capacitance  of  I  .67  ^1  anil  to  he  able  to  withstand  a  dc 
working  voltage  of  3000  V  The  ac  ripple  current  will  be  1 .5  A  rms. 

Cornell  Dubilier  tantalum  foil  capacitor  Y3R01.N1-  is  selected.  I  his  capacitor  has 
the  characteristics  given  in  table  B4  and  is  configured  as  in  figure  B0. 

1.3  V  B4  Characteristics  of  Cornell  Dublier  tantalum 
foil  capacitor  Y3ROf.NI 

Capacitance  3**jj|- 

Case  si/e  I  5  (0  40('  IX  2 .87*  t  ) 

IV  working  voltage:  250  V  (at  I  2?°C) 


There  are  twelve  3.0  jj|;  capacitors  in  each  of  the  five  shunt  branches  Hits  gives 
an  overall  capacitance  of  I  .625  v I  rated  at  3000  V  dc  ( 125'  O 

I  he  dimensions  of  an  insulated  1-5  case  are  0.406  (diameter)  and  2.8  4  (length). 
The  estimated  rectangular  volume  of  a  5  X  I  2  X  I  array  ol  these  capacitors  is  3  X  4  X  8  in. 


CONTROL  CIRCUITRY 


The  control  circuitry  will  be  allocated  a  rectangular  volume  of  3  X  3  X  4.  The 
volume  allocated  to  the  control  circuitry  will  account  for  circuit  elements  that  provide  for 
soft  start-up,  protection  circuitry,  switching  control,  and  sense  elements.  These  functions 
will  be  scattered  throughout  the  power  supply  and  in  many  cases  take  up  only  interstitial 
volumes  and  not  have  a  large  impact  on  the  final  volume.  Liberal  use  of  the  new,  compact 
control  and  driver  DIPs  is  assumed. 


SUMMARY  OF  DIMENSIONS 


Table  B5.  Summary  of  estimated  dimensions  of  circuit  elements. 


CIRCUIT  ELEMENT 

DIMENSIONS  (in) 

VOLUME  (in3) 

BRIDGE  RECTIFIER 

1X2X5 

10 

C1 

2X4X4 

32 

T1 

3X4X5 

60 

Q 

1X2X2 

4 

D 

1X3X4 

12 

C2 

3X4X8 

96 

Control  circuitry 

3X3X4 

36 

1 

Total  250 

In  one  hypothetical  arrangement  of  the  elements  of  table  B5,  the  elements  were 
fitted  into  a  4  X  4  X  16  inch  box.  This  represents  a  total  volume  of  256  in3. 


APPENDIX  C:  DESIGN  OF  A  500  V  DC.  500-W  POWER  SUPPLY 


References:  (a) 

(b) 

(e) 

(d) 

(e) 


Switching  Regulators  by  LL  Ogborn,  Associate  Professor  of  Engineering. 
Purdue  University 

Magnetics.  Inc,  Catalog  MCC-100 
Magnetics,  Inc,  Catalog  MPP-303A 

Spacecraft  Transformer  and  Inductor  Design,  JPL  Publication  77-35 
by  Colonel  WT  McLyinan 

NOSCTR  177,  J  Tout/,  1  Kamm.  I  June  1  *>78 


The  calculations  in  this  appendix  represent  an  outline  of  calculations  for  the  design 
of  a  power  converter  that  will  supply  500  V  dc/1.0  A  to  the  URT-23A(V)  driver  amplifier 
plates  and  for  screen  voltage  regulation.  This  converter  design  is  operating  at  20  kll/  in  a 
buck-boost  configuration  (tig  Cl ).  The  purpose  of  this  design  is  to  determine  circuit  para¬ 
meters  so  that  suitable  devices  may  be  selected.  The  volume  occupied  by  these  devices  w  ill 
be  used  to  estimate  the  volume  of  the  complete  converter. 


figure  Cl  Buck-boost  switching-mode  regulator. 

I  he  specifications  for  the  converter  are  contained  in  table  Cl 

l  able  Cl .  Specifications  for  buck-boost  converter  design. 

INPUT;  200  V/30/M)  11/  (270  V  dc  when  rectified) 

OUTPUT:  500  V  dc/ 1.0  A 
SWITCHING  I  RI  QUl  NCY(f):  20  kll/ 

DUTY  CYCLE  (l))  50% 

It  the  duty  cycle  were  used  to  obtain  the  required  voltage  and  a  1 :1  turns  ratio 
transformer  were  used  in  the  circuit  of  figure  Cl ,  the  transistor  would  have  at  least  500  Vdc 
imposed  across  the  collector  and  emitter.  Since  transistors  do  not  commonly  have  a  | 
breakdown  voltage  greater  than  400  V.  adjusting  the  duty  cycle  would  not  be  a  practical 
method  of  obtaining  the  required  voltage  in  this  case. 


For  a  50%  duty  cycle  and  1 . 1  transformer  turns  ratio,  the  output  voltage  will  equal 
the  input  voltage.  If  the  turns  ratio  of  the  transformer  is  adjusted,  500  V  dc  may  be 
obtained  on  the  secondary  side  while  the  primary  side  will  still  see  270  V  dc  across  the 
switching  transistor.  This  is  a  practical  method  of  obtaining  the  required  500-V  dc  output 
voltage. 


TURNS  RATIO 


The  turns  ratio  required  on  the  transformer  is  determined  by  the  following  formula. 

V2  NS 
V  |  =  input  voltage 

V-i  =  output  voltage 

Np  =  number  of  turns  on  primary  side 

=  number  of  turns  on  secondary  side 

For  the  voltage  specified  in  this  design  the  turns  ratio  is  calculated  as  follows: 


1 


Nr 


v:  ns 

270  _  NP 
500  No 


NS 

-p  =  3 . 1 25 
Nd 


Current  and  voltage  waveforms  that  are  encountered  in  the  circuit  of  Figure  Cl  are 
drawn  in  figures  C2  and  C3. 
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5357) 


(I('i  of  tig  C'l 


For  Q | :  1 


=  I  A 


T  =  25 
Q|  =25  /ic 

ForQ::  Q:  = -1  (Al  X  (T:  -  T, ))  +  (lpK  -  AI)(T:  -  T, ) 

Al  =  .1  A 
Ti  Tj  =  25  /as 
Thus,  tor  Qj  =  Q-,, 

IpK  =  1 .05  A 

lD  RMS 

Ijy  rms  is  required  to  determine  the  wire  si/e  for  the  secondary  winding  for  the 
transformer. 

i  T  -  T 

'dRMS=  (,PK  +  lR)‘  +  l,PK  +  ,R)AI +  _^“  ~r '  1 

'PK  +  'r  =  :  08 
Al  =  0.1  A 
T,  =  25  /is 

T  •>  =  50  //s 

'l)  RMS  =  1  44  A 

SECONDARY  WINDING  WIRE  SIZE 

Tlie  required  wire  si/e  is  determined  by  the  rms  current  and  circular  mils  per 
ampere  specified.  For  the  secondary  winding,  I  -W  A  rms  is  the  maximum  rms  current 
experienced.  AW(i  1 9  wire  is  rated  at  1 .72  A  based  on  750  circ  mils  per  ampere.  Hie  w  ire 
area  for  AW(i  ll>  wire  is  1 5b0  circ  mils  based  on  the  maximum  diameter  of  heav  y  fornix ar 
wire  with  insulation 
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I,  RMS 

1 1  rms  determines  the  wire  si/e  of  the  primary  side  of  the  transformer.  Referring 
to  figure  C2. 

Al  =1  A 

l|*K  "  1  05  A 

>R  =  ,A 
I,  =  1 .85  (Al) 

Is  =  1.85  tl,,k  +  lR' 

T,  -:5rs 

I  s  =  50  jis 

||rms=  ('i’*1,1:*  -7)77 

*1  RMS"--75  A 

(Note  Ij  RN,S  is  1.85  times  ln  RMS» 


PRIMARY  WINDING  WIRE  SI/E 


The  primary  side  of  the  transformer  experiences  a  maximum  rms  current  of  2.75  A 
AWG  Its  wire  is  rated  at  5  44  A  based  on  750  circ  mils  per  ampere.  The  wire  area  for 
AWG  Its  wire  is  5000  circ  mils  based  on  the  maximum  diameter  of  heavy  formvar  wire 
with  insulation. 

Ij  is  the  square  wave  function  in  l^s.  and  l>  is  the  trape/otdal  wave  function  in  l^-s 


'l  RMS  =  0  707  A 

/  ■*  A|-  \  '  ’  ~  | 

‘:rms  =  ('pk  +  'pkAI  *  — )  •7j  ,  ~ 

•:  RMS  =  0  78  A 
•c:  RMS  =  1  05  A 
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1 1  is  the  trapezoidal  wave  function,  while  !•>  is  the  square  wave  function 


1  RMS 


(llrk>-  +  lrk  Al  + 


=  1  44  A 


=  1.31  A 

k'l  RMS  =  1  g5  A 


lt--»  rms  is  required  for  selecting  the  proper  capacitor  for  1'2  Using  figure  U5. 


f  igure  C'5.  l^->  current  waveform 


<R 

=  1 .0  A 

Tl 

=  25  ns 

>1>K 

=  1 .05  A 

r: 

=  50  /as 

A1 

=  0  1  A 

T: 

•u:  RMS 

=  ('?  rms  + rms) 

Reference  tdt  gives  a  formula  for  calculating  U '.  V  will  he  specified  hem  to  he  1 


=  500  V 


v\ 

n  =0.5 

AV:= 5  V 
R,  =  50012 

i  =  :o  kii/ 


LS 


is  required  to  determine  the  number  of  turns  of  wire  on  the  secondary  of  the 
transformer.  Its  calculation  is  based  on  specifying  the  current  droop  through  as  it 
delivers  power  to  the  load.  The  following  equation  from  reference  (d)  is  used. 

DVs 

Lc  =  - - 

s  2  Alt' 

I)  =  0.5 

\\  =500 

A I  =0.1  A  t  specified) 
f  =  20  kll/ 

Ls  =  b.:5  mil 


I.p  may  be  calculated  after  the  number  of  turns  on  the  primary  side  have  been 
calculated  by  using  the  following  equation. 


L,,= 


NjuUtrjiA  X  10-8 


CORE  SELECTION 

Core  selection  is  based  on  the  core  selection  charts  of  reference  (b).  The  initial 
selection  is  for  a  core  that  can  handle  the  required  power  at  the  operating  frequency .  1  he 
next  consideration  is  for  a  core  that  has  a  window  area  (W)  that  can  handle  the  turns 
required  for  the  specified  inductance.  The  ability  of  the  core  to  handle  the  number  of 


turns  is  determined  hy  calculating  the  winding  factor  (WE).  The  winding  factor  varies 
between  30%  and  60%,  with  40%  a  typical  value  for  machine  wound  cores.  These 
calculations  will  use  a  winding  factor  of  approximately  50%  as  the  criterion  fora  satisfactory 
core  window. 

Several  cores  that  could  handle  the  throughput  power  were  chosen  before  one  with  a 
suitable  window  area  was  found.  The  following  calculations  are  based  on  t his  core.  Core 
dimensions  are  shown  in  figure  CO.  i 


J 

/05" 

-T 

1.6" 

> 


figure  l’(>.  Magnetics,  luc,  core  model  MC'  1610. 

The  mean  magnetic  path  ( I ).  core  cross  section  (A),  and  window  area  (W)  are  listed 
in  table  C2. 

Table  ('2.  Me  1610  core  dimensions. 

d  =  20.32  cm 
s  =  1.61  em“ 

VV  =  2764700  eire  mils* 

WIRE  TURNS  NEEDED 

The  number  of  turns  for  the  primary  and  secondary  side  determines  the  voltage 
ratio  and  inductances.  The  formula  used  is  from  reference  (c). 

s  Led 

N“  = - - - 

Ann  A  X  It)-8 

=  62.5  mil 

n  =  500  (permalloy  SO) 

A  =  1 .6 1  cm- 

d  20.32  cm 


N<^  =  354.3  turns 


*Cire  mils  =  in"  X  1273200 


1 


Ihe  calculations  in  this  appendix  represent  the  general  design  calculations  for  a 
400-11/  inverter  which  will  supply  I  1 5-V  power  to  the  users  listed  in  table  l)|  It  is  esti¬ 
mated,  table  HI ,  that  the  inverter  will  supply  a  maximum  of  <>7<>  watts  to  its  load.  If  the 
inverter  is  assumed  to  be  40' .  *  efficient.  lblH)  watts  of  power  will  be  delivered  to  the 
inverter. 

table  Dl  400-11/  inverter  load  estimate. 


USIR 

POWER  CONSUMED  (WATTS) 

Blowet  motoi 

P.t 

Hand  switch  motoi 

SO 

Antenna  couplei  and  exciter 

:.u) 

I’.C.  board 

(>U 

D.C  power  control  boaid 

04 

D  A.  \  f'.A.  filaments 

:oo 

Total  <v7p 

I  he  blower  motor  operates  only  on  I  1 5  V/ 10/400  II/.  I  he  antenna  coupler  and 
exciter  operate  on  either  1  1 5  V/b 0  11/  or  I  I  5  V/400  II/.  I  he  band  switch  motor  presently 
operates  oil  00  11/  and  will  not  operate  on  400  II/.  so  a  suitable  400  11/  replacement  for  the 
band  switch  motor  would  have  to  be  installed. 

The  inverter  circuit  used  in  this  design  (fig  Dl )  is  an  uprated  design  of  the  400-11/ 
inverter  presently  used  in  the  AN/URT-2.^  A(V),  b0-II/  power  supply.  I  he  original  400-11/ 
inverter  needed  to  supply  only  b.l  watts  of  power  to  the  blower  motor,  but  this  new  version 
will  supply  a  total  of  (>7<»  watts  to  the  users  listed  in  table  Dl.  A  summary  of  specifications 
for  the  inverter  is  contained  in  table  D2 


figure  Dl  40011/  mvoitci  circuit 


•  fins  is  .i  lower  figure  ili.m  is  normal  lot  mvoiteis.  hm  is  used  line  lo  obtain  a  worst-ease  design. 


figure  C7.  Maximum  wound  transformer  dimensions. 

l  or  the  purposes  of  this  estimate,  the  transformer  will  he  assumed  to  have  a  rectan¬ 
gular  volume  of  3  X  4  X  4  inches. 


CAPACITOR  Cl 

Capacitor  Cl  has  a  capacitance  of  1 .7  #xF  and  a  de  working  voltage  of  270  V.  Ac 
ripple  current  is  1 .45  A  rms.  Cornell  Dubilier  tantalum  foil  capacitor  Y2R2LNF  is  selected. 
I  his  capacitor  has  the  characteristics  listed  in  table  C3  ami  is  configured  as  in  figure  C7. 

Table  C3.  Characteristics  of  Cornell  Dubilier  tantalum 
foil  capacitor  Y2R2LNI'. 

Capacitance:  2.2  gf' 

Case  si/e:  1:4  (0.40(r"l),  2.24‘»"|.) 

Max  ripple  current :  t  .t>8  A  rms 
Dc  working  voltage:  250  (at  I25°C) 


figure  C8.  Capacitor  Cl  configuration. 

The  capacitor  bank  will  have  an  estimated  rectangular  volume  of  2X2X4  inches. 


CAPACITOR  C2 

(  apacitor  C2  has  a  capacitance  of  5  pf  and  a  dc  working  voltage  of  500  V  dc.  Ac 
ripple  current  is  1.05  A  rms.  Cornell  Dubilier  tantalum  foil  capacitor  Y3R41.NI'  is  selected. 
Capacitor  characteristics  are  listed  in  table  C4.  lire  configuration  of  the  capacitors  is 
illustrated  in  figure  C4. 
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Table  ('4.  Characteristics  of  Cornell  Dubilicr  tantalum 
foil  capacitor  Y3R9LNE. 


Capacitance:  39  pF 

Case  si/e:  H-5  (0.406"D,  2.874"l  ) 

Max  ripple  current  I  47  A  rins 
De  working  voltage:  250  V  dc  (at  I  25°C) 


figure  C'T  Capacitor  C2  configuration. 

flic  capacitor  bank  will  have  an  estimated  rectangular  volume  of  3x3x4  inches. 


SUMMARY 


Only  capacitors  Cl.  C2.  and  the  transformer  have  volume  estimates  contained  in 
this  appendix.  Other  elements  of  the  converter  have  been  calculated  in  appendix  B  and  will 
be  used  here.  The  borrowed  elements  are  for  a  much  higher-rated  converter,  but  the 
elements  are  comparable  in  si/e  to  this  lower-power  design,  fable  C5  is  a  summary  of 
element  dimensions  and  volumes. 


1  able  C5.  Summary  of  estimated  dimensions  of  circuit  elements. 


CIRCUIT  E  LEMENTS 

DIMENSIONS  (in) 

VOLUME  (in  ') 

Bridge  rectifier 

1X2X4 

8 

('l 

2X2X4 

In 

T, 

3X4X4 

48 

0 

1X2X2 

4 

1) 

1X3X4 

12 

e. 

3X3X4 

36 

Control  circuitry 

3X3X4 

36 

Total  160 

A  hypothetical  arrangement  of  the  elements  in  table  C5  may  be  fitted  into  a  rectan¬ 
gular  volume  of  3  X  4  X  lo  inches.  This  represents  a  total  volume  of  192  iirV 
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APPENDIX  l):  DESIGN  OF  A  1 15-V/l</>/400-Hz  INVERTER 


References:  (a)  Magnetics.  Inc,  Catalog  MCC-1 00 

(b)  Magnetics,  Inc,  Catalog  MPP-303A 

(c)  Spacecraft  Transformer  and  Inductor  Design.  JPL  Publication  77-35, 
by  Colonel  W  T  Me  Lyman 

(d)  Model  AN/URT-23A(V)  Technical  Manual.  Operation  and  Maintenance 
Inst,  NAVELEX  0967-456-9010,  Naval  Electronic  Systems  Command 

(e)  NOSC  TR  177,  Power  Electronics  Technology  Applications  for  Future 
SSBN’s.  J  Font/,,  E  Kamin,  1  June  1978 
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Nr 


1.85 


Np  =  I  ‘>1.5  turns 


WINDING  FACTOR  <WF) 


The  winding  factor  is  the  percent  of  the  core  window  occupied  by  the  wound 

wire. 


AWpNp 

i>=  — sr~ 


Awp=  3(K)0  circ  mils  (AW(i  l<>  wire) 
Np  =  I  ‘>2  turns 
W  =  28o4700  circ  mils 


wi  p  =  o  :o 


^WS=  *  ^60  circ  mils  (AW(i  I1)  wire) 

Ns  =354 
WFS  =  0.193 
Wl  =WIS  +  WI,, 

=  0.392 

VOLUME  CALCULATIONS 

The  volumes  of  Cj.  C->,  and  the  transformer  will  be  calculated  here  since  they 
constitute  the  single  largest  volume  users.  Estimates  of  the  volumes  of  the  other  elements 
will  be  based  on  another  design. 


TRANSFORMER 

Hie  transformer  consists  of  the  MClhlO  core  and  the  wire  windings  I  he  estimated 
maximum  dimensions  that  the  transformer  would  occupy  are  illustrated  in  figure  C7. 
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Table  D2.  Summary  of  400-Hz  inverter  specifications. 


Input:  200  V/30/6 0  Hz  (270  V  dc  when  rectified) 

Output:  1 15  V/ 10/400  Hz 
Power  delivered  to  load:  676  watts 

Power  delivered  to  inverter:  16‘>0  watts  (401';  efficient  inverter) 


RECTIFIER  DIODES 

16^0  watts  of  power  will  be  delivered  to  the  inverter  on  the  200  V/3<$/60  Hz  line 
Each  diode  will  be  rated  for  at  least  8.5  A  rms  and  peak  reverse  voltage  of  at  least  143  V 
under  normal  conditions.  A  diode  that  satisfies  these  specifications  is  the  Westmghouse 
IN 3 89 3.  This  diode  has  the  ratings  listed  in  table  D3. 


Table  D3.  Westinghouse  IN3893  diode  ratings. 

VRRM  400  V 
lp:  12  A 

This  diode  is  contained  in  a  DO-4  package  that  has  maximum  cylindrical  dimensions  of 
1 .25  in  )L)  and  0.424  in  (D).  It  is  estimated  that  a  set  of  six  of  these  diodes  would  occupy 
a  rectangular  volume  of  l  X  3  X  3  inches. 


CAPACITOR  (C) 


The  capacitor  is  specified  to  be  charged  to  270  V  dc.  and  may  drop  54  V  1 20'  7) 
without  affecting  the  operation  of  the  inverter.  During  the  period  that  the  capacitor  is  dis¬ 
charging.  it  is  supplying  approximately  6.26  A  to  the  inverter  based  on  40' 7  inverter  ett.- 
ciency  and  a  676-watt  load.  Figure  D2  is  used  to  determine  the  time  between  charging  tor 
the  capacitor. 


VOLTS 


Figure  D2.  Rectified  60-Hz  power  to  the  capacitor. 
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i  ;  •  . . in— 


T->  =  8.33  im  +  t-» 


Solving  for  t,: 


216  =  270  sin  cot  i 


to  =  2jtI 
f  =60  11/ 


ti  =  2.46  ms 


T->  =  1 0.7P  ms 


The  time  period  that  the  capacitor  is  discharging  is  AT. 
AT  =  T  ,  -  T  i 


T ->  =10.76  ms 


T|  =4.16  ms 


AQ  =  6.63  ms 

The  amount  of  charge  lost  by  the  capacitor  during  this  period  is  AQ. 

AQ  =  1AT 

I  =  6.26  A 
AT  =  6.63  ms 

I' or  three-phase  rectification,  the  time  interval  between  the  start  of  discharge  and 
charging  of  the  capacitor  is  T  -r  3  or  2.2 1  ms. 

AQ  =  1.4  X  10_-  coulomb 

l  or  the  specified  voltage  drop.  54  V,  the  capacitor  will  have  the  value  of  C\ 

n  -  AQ 


C  =  256  /iF 
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Hius.  the  capaoitor  must  have  a  value  of  25<>  pi  and  he  able  to  handle  270  V  dc. 
A  candidate  capacitor  that  will  satisty  these  specifications  is  an  arrangement,  (fig  D3 1  of 
Cornell  Dubilicr  type  Rt  53330o  l lie  specifications  of  tliis  capacitor  are  given  in 
fable  1)4 


Figure  D3.  Configuration  of  filter  capacitor. 

I  able  U4.  C-D  type  RC53330o  capacitor  specifications. 

VIX'W(':5°n  100  V  dc 

Capacitance:  200  pf 

Case  dimensions  IX  15X3  inches 

A  set  of  1 2  of  these  capacitors  will  occupy  a  rectangular  volume  of  4X5X5 

inches. 


TRANSISTORS 

f  ach  transistor  will  handle  a  maximum  2.5  A  rms  and  have  a  collector-emitter 
voltage  of  at  least  270  V.  A  transistor  that  may  handle  these  specifications  is  the  Westing- 
house  type  1 53-30.  This  transistor's  ratings  are  listed  in  table  1)5.  I  lie  rectangular  volume 
that  would  be  occupied  by  a  set  of  two  of  these  transistors  is  l  X  2  X  3  inches 

1  able  1)5.  W'estinghouse  153-30  .ransistor  ratings. 

Vn  300  V 
l(.  7 .5  A 

CONTROL  CIRCUITRY 

(  ontrol  circuitry  tor  the  inverter  w  ill  consist  ol  resistors  and  a  capacitor  I  lie 
control  circuitry  will  he  assigned  an  arbitrary  volume  of  I  X  5  X  o  inches. 
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TRANSFORMER 


I  he  primary  side  of  the  inverter  transformer  is  center  tapped  for  a  push-pull  circuit 
configuration  (fig  1)1  V  The  transformer  must  be  able  to  pass  at  least  676  watts  at  400  II/. 


TURNS  RATIO 

The  voltage  across  the  primary  turns  is  270  V  dc.  115V  ac  mis  is  required  on  the 
secondary  side,  so  since  the  output  is  a  square  wave,  the  rms  value  equals  one-half  the  peak- 
to-peak  voltage.  230  V  P/P. 


Vp=  270  V 
Vs  =  1 1 5  V 


NUMBER  OF  TURNS 

A  form  of  Faraday’s  law  for  electromagnetic  induction  is: 

M-  »-•  X  104 

^  Ac 

N  =  number  of  turns 
F  =  rms  voltage 

K  =  4  for  square  wave  (4.44  for  sine  wave) 
f  =  frequency 

Bm  =  flux  density  in  teslas* 

Ac  =  cross-sectional  area  in  cm" 


For  the  number  of  primary  turns: 


WINDING  FACTOR  (WF) 


In  effect,  there  will  be  two  primary  windings  of  230  turns  each  with  AWG  13  w  ire, 
and  one  secondary  winding  of  98  turns  with  AWG  1 7  wire.  The  winding  factor  with  the 
core  window  (W)  and  the  wire  sizes  is: 

2(N»  X  WAp)  +  <Nc  X  WAc) 

WF  «=  - - - - - - - - 

W 

Np  =  230  turns 

WAp  -  5850  circ  mils  (AWG  13  wire) 

NS  =  98  turns 

WAvj  =  2420  circ  mils  (AWG  1 7  wire) 

W  =  8  in~  =  10185600  circ  mils* 

;.  W  F  =  0.287 

This  is  a  suitable  winding  factor  for  this  transformer  core. 

TRANSFORM!  R  VOLUM1 

With  windings,  the  maximum  transformer  dimensions  are  illustrated  in  figure  D3. 


SUMMARY 

A  summan  of  the  volumes  of  the  inverter  elements  is  contained  in  table  D5. 


•Circ  mils  =  in"  X  I27.(2(X) 
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fable  D5.  Inverter  element  volume  estimates. 


ELEMENT 

VOLUME  (in3) 

Rectifier 

9(1  X  3X  3) 

Capacitor 

100  (4  X  5  X  5) 

Transistors 

6(1  X  2  X  3) 

Control  circuitry 

30(1  X  6  X  5) 

Transformer 

72  (2  X  6  X  6) 

Total  217 

These  elements  may  be  placed  in  a  box  with  rectangular  dimensions  of  6  X  6  X  8 
inches.  The  volume  would  be  288  in3. 
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